BACKGROUND: Prior data suggest that fatigue adversely affects patient safety and resident well-being. ACGME duty hour limitations were intended, in part, to reduce resident fatigue, but the factors that affect intern fatigue are unknown.
INTRODUCTION
In July 2003, the Accreditation Council for Graduate Medical Education (ACGME) mandated a reduction in the number of hours residents could work in a single week, the "duty hour limitations." Published studies had linked operator fatigue with diminished patient safety, educational performance, and resident well-being, 1 and the declared aim of the mandate was to reduce fatigue and its pernicious consequences. [2] [3] [4] [5] [6] The action was taken in the wake of several well-publicized instances of medical errors; legislative action had been threatened. Increased resident work hours are associated with sleep deprivation. 7, 8 For some, sleepiness is a near daily occurrence. 9 Resident sleep deprivation has been associated with diminished well-being and objectively measured worsened educational performance. 10 Studies note diminished workplace performance, particularly for tasks that are dependent on a high level of vigilance or newly learned procedural skills. 11 Sleep deprivation also leads to fatigue, which impairs mood as well as cognitive and performance skills. 12, 13 Resident fatigue is associated with diminished personal safety, increasing risk for percutaneous injuries at work, 3 and automobile accidents. 4 Indirect evidence has also linked fatigue to impaired medical decision-making and decreased patient safety. 7 Although duty hour reduction is associated with decreased in-hospital mortality and potential improvements of patient care, 10, [14] [15] [16] data suggest that these mandates may not have solved the problem of sleep deprivation 17 or fatigue 18 for medical trainees. Studies to date have not identified the workplace factors associated with fatigue.
To understand the factors associated with fatigue, we surveyed interns in cognitive specialties at the University of California, San Francisco (UCSF). We hypothesized that workplace factors unrelated to the raw number of hours worked might be more strongly associated with intern fatigue than the number of hours worked.
METHODS

Overview
We surveyed interns about factors hypothesized to be associated with fatigue, including work hours, perceived stress, quality of sleep, and perceptions of teamwork functioning. We performed multiple regression to explore relationships among these variables.
Sites and Subjects
The study was performed at UCSF in February 2004. By that time, all 19 of UCSF's ACGME-accredited residency programs had been in compliance with duty hour reduction mandates as of July 2003.
UCSF interns (first-year residents) rotate through several hospitals, including San Francisco General Hospital, the San Francisco Veterans Affairs Medical Center, UCSF Medical Center, and California Pacific Medical Center, as well as smaller, community-based clinics.
The eligible study population was interns (n=111) from the cognitive specialties of Internal Medicine, Family and Community Medicine, Pediatrics, and Psychiatry. 19 Cognitive specialties are those in which the physician principally examines, treats, and counsels patients, with less emphasis on performing procedures. 19 The four selected residency programs evidenced similar patient care practices, work flow, duty hour reduction system changes, and training goals (Table 1) ; we posited that study subjects' experiences of fatigue might likewise be similar. The professional responsibilities of the procedure-focused specialties (such as the surgical specialties) differ significantly from our cohort, so the former were excluded. Preliminary interns (including Neurology, Anesthesiology, Dermatology, Ophthalmology, and Radiology) were excluded because it could not be determined whether they would ultimately enter cognitive or procedural specialty residency programs.
Questionnaire Development
We convened a group of experts in the fields of education, psychometrics, health services research, and well-being, who determined the five domains for this survey-based project and helped to select validated scales, as follow:
Fatigue. Fatigue was measured using the Chalder Fatigue Scale. This 11-item scale assesses physical and mental symptoms of fatigue experienced during the previous week. Each symptom is rated on a scale from 1 (never) to 5 (very often). The scale is scored from 11-55; a higher score indicates a higher degree of fatigue. 20 In this sample, the internal consistency of the scale was excellent (Cronbach's alpha=0.95). Stress. Stress was measured using the four-item Cohen Perceived Stress Scale, which was designed to measure the degree to which situations in one's life are appraised as stressful during the prior month. Each item is scored on a scale of 1 (never) to 5 (very often). On the score range of 4-20, a higher score indicates a higher level of perceived stress. 22 In this sample, the internal consistency of the scale was acceptable (Cronbach's alpha=0.68).
Teamwork. Teamwork questions were developed by the authors using a focus group of internal medicine interns from the previous class and sought to measure perceptions of teamwork functioning. Any topic that was raised by more than one focus group participant, and those that were raised by one participant and by an author, were translated into open-ended questions, which were piloted with a group of senior residents across disciplines. Results were tabulated, and the most frequent responses were categorized into a response format. We administered a 17-item scale measuring attributes of positive teamwork during the prior month. These attributes included camaraderie at work, appreciation at work, belonging (how often a respondent felt like a part of a team), and institutional support (Appendix A). Scores were scaled from 1 (never) to 5 (all of the time). Scores could range from 9 -45, with higher scores indicating perception of more positive teamwork functioning. The internal consistency of the scale was high (Cronbach's alpha=0.89).
Additional Survey Items. Several additional questions regarding hours worked and demographics were extrapolated from published work. 23, 24 The resulting survey was reviewed by the initial group of experts and revised after piloting by educational experts and residents not associated with UCSF.
Survey Administration
Upon Institutional Review Board approval, throughout February 2004 we distributed the confidential survey to all interns at 
Statistical Analysis
Univariate statistics characterized the distribution of responses. Means and frequency distributions were computed for all variables. Cronbach's alpha was calculated to determine the internal consistency of the various summary measures. Spearman correlations elucidated bivariate relationships between fatigue and other variables. We used a multivariate linear regression model to identify factors independently associated with fatigue. In the first model, the dependent variable was the Chalder fatigue score. Independent variables were gender, hours worked, quality of sleep, perceived stress, and teamwork scores. In a second model, we included variables representing the interaction of sleep quality and perceived stress and the interaction of duty hours and perceived stress.
Variables were selected based on our a priori hypothesis regarding factors related to intern fatigue, and all variables were retained. Multivariate models were not adjusted for the training program in order to analyze the cohort as a group; the subjects' program similarities obviated the need for such adjustment. Additionally, given the small sample size, separate modeling was unlikely to lead to meaningful results. All analyses were performed using SAS version 8.12 (SAS Institute Inc, Cary, NC).
RESULTS
Sixty-six (59%) interns in cognitive specialties completed the survey. Of the cohort, 53 (82%) had worked ≤80 h in the previous week, and 12 (18%) had worked >80 h ( Table 2) .
Respondents had a mean (SD) fatigue score of 31.1 (9.0) out of a maximum score of 55. Symptoms rated as occurring most frequently included feeling the need to rest more (mean 3.41/ 5.0, SD 1.11), and feeling sleepy or drowsy during work ( Regression analysis revealed that reported decreased quality of sleep and greater perceived stress were the only factors significantly associated with higher levels of fatigue (sleep quality: β =−0.33, p<0.001, stress: β=0.83, p=0.02). An increase of approximately 1 point (0.83) in perceived stress is associated with a 1-point increase in fatigue. Likewise, a decrease in sleep quality score of a third of a point (−0.33) is associated with a 1-point increase in fatigue. The changes in the independent variables are quite small, suggesting that the fatigue score is very sensitive to variations in perceived stress and sleep quality scores. Gender, hours worked in the previous week, and teamwork were not significantly associated with fatigue. Overall, this model accounted for 58% of the variance in the Chalder Fatigue score (Table 3 ). In the second model, which included interaction terms, neither interaction was significantly associated with fatigue (sleep × stress: β = 0.0003, p=0.99; duty hours × stress: β =0.53, p=0.46), and the model R2 changed only minimally to 0.59.
Because work hours were not significantly associated with fatigue, additional regression analyses were conducted to determine if the effect of work hours was indirect; i.e., if work hours affected sleep quality or perceived stress (Fig. 1) . In the first of these, sleep quality score was the dependent variable, and independent variables were gender, hours worked, perceived stress, and teamwork. Of these variables, only perceived stress was significantly associated with sleep quality, with greater stress associated with poorer sleep quality (β=−1.66, p=0.04). Poorer sleep quality was reported by interns who had worked >80 h in the previous week, although the association was not significant (β=−8.56, p=0.08) ( Table 4) .
In the second analysis, perceived stress was the dependent variable, and independent variables were gender, hours worked, quality of sleep score, and teamwork. Both lower levels of teamwork (β=0.17, p=0.002) and poorer sleep quality (β= −0.04, p=0.04) were associated with greater perceived stress (Table 4) .
There is clearly a relationship between sleep quality and perceived stress (r=−0.36, p<0.0001). The regression analyses provide evidence of the strength of this relationship, even after controlling for the additional variables in the regression models. 
DISCUSSION
In this cross-sectional study of interns in cognitive specialties at an academic health center, working >80 h a week did not have a statistically significant association with interns' perceived stress levels, quality of sleep, or fatigue. In fact, lower perceived teamwork functioning was associated with increased stress, and a higher level of stress was associated with decreased quality of sleep (Fig. 1) . Higher stress and low quality of sleep, in turn, were associated with increased fatigue. Our cohort reported fairly high frequencies of fatigue-related behaviors, e.g., feeling drowsy or the need to rest, and poor sleep quality behaviors, e.g., getting insufficient sleep. Respondents also reported moderate overall stress levels. Despite this, teamwork-enhancing attributes such as feeling part of a team and feeling a sense of camaraderie with coworkers was reported frequently. The developmental sample (n=3,053) for the MOS sleep scale had a mean score of 28.3, SD of 18.2. While our mean score is much higher (59.2), indicating more sleep problems, our standard deviation (15.3) is similar to that of the much larger developmental sample. Normative data for the Chalder Fatigue Scale and Cohen Perceived Stress Scale are not available. 21 Our findings suggest that solely reducing the raw number of hours worked by residents does not achieve the core goal of the duty hour reduction mandates -to reduce resident fatigue and its negative consequences. To reduce fatigue, programs should consider strategies that enhance the quality of trainees' sleep and sense of teamwork, and decrease perceived stress.
Future interventions should be evidence-based and might include scheduling maintenance naps for on-call interns 25 and improving quality of sleep by restructuring schedules to minimize sleep-wake cycle disturbances. 7, 26 Examining the effects of a change to a shift-work system is warranted. Increasing autonomy and support 27 and decreasing workload might also decrease stress levels. 20, 28, 29 Our finding linking poor quality teamwork to stress and, in turn, to fatigue may provide further evidence of poor teamwork's contribution to errors. 30 Curricula teaching formal teamwork structure and process, 31 high fidelity simulation-based team training, 32 and training incorporating didactic instruction with interactive participation 33 have been shown to improve communication and enhance safety. The efficacy of these training interventions are likely generalizable to residents and might reduce levels of stress and fatigue. We recognize several limitations of the study. Our sample size is moderate, with a 56% response rate, but our sample represents residents across cognitive specialties, permitting wider generalizability of our findings. We attempted to diminish the extent of recall bias by anchoring our questions with short time frames. Our study was performed at a single, large academic center. Although this may limit generalizability, many of our duty hour reduction strategies are similar to those reported elsewhere. [34] [35] [36] Because data were collected over 4 months, responses could reflect a seasonal effect. However, we believe that collecting data from February through May optimized the chance of detecting our outcome measure. We also acknowledge that fatigue itself could have affected the accuracy of survey responses.
Seventy percent of respondents were female (n=46), compared with 56% of nonrespondents (n=23), likely indicating a response bias. Non-responding residents and preliminary interns may have shared certain characteristics, such as increased fatigue, and their exclusion could lead to bias. Our moderate sample size and the relatively small proportion of interns who reported working >80 h may have precluded us from finding a relationship between duty hours and fatigue. Additionally, there may be a Figure 1 shows the hypothesized relationships. It is possible, however, that the causal pathway may be reversed or that the relationships noted may be bi-directional. 
CONCLUSION
After implementation of duty hour limitations, trainees still experience high levels of fatigue. To achieve improvements in the presumed effects of fatigue, training programs should address residents' quality of sleep, perceived stress, and teamwork functioning. Table 4 . *Factor analysis was done on these 17 items and 9 of the items loaded onto the first factor (eigenvalue 5.26 with 31% of the variance accounted for). Three other factors were identified, but the eigenvalue dropped steeply for those factors. In a factor analysis including all 17 of the items, the 9 items that loaded on the first factor were termed the teamwork scale for the purpose of analysis (factor loadings 0.49-0.84). In a follow-up factor analysis including only the nine teamwork scale items, all items loaded on the single factor, with item loadings ranging from 0.63-0.85. Cronbach's alpha for the teamwork scale was 0.89, indicating excellent internal consistency. As all nine identified through the factor analysis were deemed to be highly relevant to teamwork by the reviewers, all of these items (in bold and with asterisks above) were retained in the teamwork scale
